I. Introduction
The Food and Agriculture Organization of the United Nations [1], estimates that agriculture accounts for 70% of all water consumption, compared to 20% for industry and 10% for domestic. Critical need therefore exists to implement water conservation practices in agriculture.
There is an urgent need to create strategies based on science and technology for sustainable use of water, including technical, agronomic, managerial, and institutional improvements.
The objective of this project is to develop a system that will minimize the waste of water in an Agricultural Experiment Station farm. The smart system developed uses automated drip irrigation and uses the exact water required depending on the soil moisture. The farm site has greenhouses, crops and administration houses. The automated system collects data from the humidity, temperature, flow sensor, and soil moisture sensors. The data collected is sent Page 26.454.2
wirelessly to the cloud. The system is operated in two modes, either in a closed loop control mode where the microcontroller operates the opening and closing of the solenoid valve for the required amount of water needed for the crops, based on the average soil moisture reading, or the agronomist remotely use the cloud data to trigger a channel by writing a specific value. The link located below the channel is assigned to turn on and off a solenoid valve. Sensor data are collected using wireless communication to avoid loose running signal wires and cables in the field.
This is a one semester senior capstone project, involving four electrical engineering students.
Senior Capstone Projects represent the culmination of the educational experience, integrating the classroom with real world problems. The students handle open ended engineering problems whose solutions require a synthesis of engineering knowledge, analysis, creativity, market needs, safety and esthetics. Projects are carried out by students and supervised by instructors and industry mentors.
The rest of this paper is organized as follows. The System Design is presented in Section II.
Project Assessment and cost are discussed in Section III. Finally, the paper conclusions are provided in Section IV.
II. System Design

Energy Use in Irrigation
Irrigation requires a significant expenditure of fossil energy both for pumping and delivering water to crops. Annually in the U.S., it is estimated that 15% of the total energy expended for all crop production is used to pump irrigation water [2] . Overall the amount of energy consumed in irrigated crop production is substantially greater than that expended for rain fed crops [2] .
Solar energy is the most abundant source of energy in the world. Solar power is not only an answer to today's energy crisis but also an environmental friendly form of energy. Photovoltaic generation is an efficient approach for using the solar energy. One of the applications of this technology is used in irrigation systems for farming. Solar powered irrigation system can be a suitable alternative for farmers in this present state of energy crisis. This is a green way for energy production which provides free energy after the system is developed. The Photovoltaic ZigBee is a worldwide open standard for wireless radio networks in the monitoring and control fields. A coordinator radio sits at the center of the star topology and connects to a circle of end devices, which in this application are the soil moisture sensors. Every message in the system must pass through the coordinator radio, which routes them as needed between devices. The end devices do not communicate with each other directly. The data collected is transmitted wirelessly to the concentrator which uses an algorithm to smooth out the moisture content in the crop zone.
This concentrator is also capable of collecting weather samples such as temperature, humidity and dew point from a weather station using the fully calibrated SHT1x A5Z11 sensor series ICs from Sensirion. The SHT11 and SHT1x sensors series are already fully calibrated and output digital values, so there is no need for sensor calibration or the use of any Analog to Digital conversion modules. The sensor power consumption is in the range 8-15µA which is a very low power consumption with 2 years longtime stability. Solar panel is implemented in each sensor node to preserve battery life. Temperature sensor in the field is important because the soil moisture sensor sensitivity is affected by temperature. The reason for this is that soil resistance changes with temperature.
Xbee S1
Xbee S1 with antenna has a long range data integrity and 300sq feet of range for the wireless communication. The low power current 45mA at 3.3V helps to have a system which does not draw too much power out of the battery. These stations are in charge of reading and collecting data from each sensor and send it as a digital output to the hub.
The data collected is sent to the cloud which is then displayed in various forms in this case, tabulated and graphing data accessible on a public website. A PID Process control algorithm is also developed to process the data received, and then sends trigger signals from the cloud to the solenoid valve to precisely control the amount of water flow to the soil.
Page 26.454.6 The Wi-Fi shield [13, 14] used in the project is the TI CC3000 module which is a self-contained wireless network processor that simplifies the implementation of long-range wireless or Internet connectivity. The TI Wi-Fi network processor minimizes the software requirements of the host microcontroller which makes it the ideal solution for embedded applications using any low-cost and low-power microcontroller.
Power Consumption: AVR/Sleep Mode
Arduinos are better to be utilized since it allows easy interface to standard Wi-Fi shields, USB, I2C, power regulation, etc. The disadvantage of the Arduino hardware is the drain on battery power when it is in operation. Arduino UNO already consumes more than 15mA in idle mode. When powered by 9V alkaline battery which has a 450mAh, the Arduino will drain the battery within just 30 hours or less than two days (450mAh/15mA). To conserve the battery power in this application, the sensor node is used in the sleep mode, this means the Arduino will turn on, read from the sensor and transmit the data to the hub. Data is sampled for a few seconds
Page 26.454.8 Figure   6 where the set point (SP) is the value that we want the process variable to be. As an example, the control system needs to activate the solenoid valve when the moisture in the field is less than 50%. So, the control system in the field may have a SP of about 50% or more of moisture. This means that, we want moisture in the field to achieve a steady moisture value of as close to 50% and more of moisture as possible". The input to the negative PID is error signal which is the difference between the set Point (SP) and the measured process variables. If the value of the error signal is positive, the set point is higher than the measured moisture, then the system will switch on the solenoid valve and in a couple of minutes the moisture of the crops will increase its level. The solenoid value is turned off when the value of the error becomes negative. Page 26.454.10
Internet of Things (IOT) [15] :
There are many benefits using cloud to store data; the reduction of initial costs for hosting a service: with cloud computing platforms you do not need to set up the entire appropriate hardware infrastructure (that includes servers, network, routers, etc.) for storing your sensor data.
Quality of service and guaranteed availability, the cloud service provider guarantees you no network failures as long as your system is well-developed. Another advantage is that you can have access anywhere as long as you can have any computer device and internet access. Last but not least, you do not need to back up your data or create a recovery system. The provider will take care of backing up your data which had been stored. Cloud services are very easy to use and affordable for any platform. It provides access to remote services and other applications.
The Arduino program in the hub averages the values collected so that it will create a single digit from the entire field. This number determines whether the soil moisture measured is too dry, too wet, or simply in a proper state. Consequently, this measurement will be pushed into a public website, displaying all the data collected from the farm which refers to the humidity, moisture, temperature, and gallons measurement. Sample of the cloud reading is displayed in Figure 7 .
Page 26.454.11 uploaded on Apple store for apple products access, Google or Samsung market for Android devices or on Amazon for amazon tablets. The designed App will allow users to check the status of the irrigation project online from anywhere for as long as they have internet access. Figure 8 shows sample displays from the mobile App. 
III. Project Assessment and Project Cost
The senior capstone design projects are assessed based on multiple realistic engineering design constraints and pertinent engineering standards. The following design constraints were considered for the Automated Drip Irrigation System.
1.
Design a sustainable low-cost, low-power, drip-irrigation system to control and reduce water waste in farming;
2.
The sub-system should use power from green energy;
3.
The sub-system should be able to operate in real-time, and remotely without human intervention;
4.
Economics should be kept in mind to keep parts and configuration costs as low as possible;
5.
The design should be tailored to the type of crops being grown and the landscape;
6.
Weather conditions are to be taken into consideration. The project was built using cost-efficient components and can be easily duplicated. A cost summary is provided in Table 1 . 
IV. Conclusion
In this paper, the design and implementation of a smart irrigation system, powered by solar energy was presented. The design uses an automatic irrigation system that can be tailored to Page 26.454.14 the type of food crop being grown. The designed project is currently operating at the universityowned agricultural experimental research station.
